In this work multiband orthogonal frequency division multiplexing (OFDM) System is modeled and its performance evaluation is analyzed for ultra wide band (UWB) communication environment. Theoretical derivation for the average pairwise error probability (PEP) and Outage Probability are derived based on Saleh and Valenzuela fading model. In line with this, the impact of joint coding the information across subcarriers in the system performance is investigated. The link budget analysis is also computed and results are obtained in regard to the transmission range for indoor environments. Moreover, average coded bit error rate achieved from convolutional codes over the system is computed and supported with computer simulations for all UWB channel conditions.
I. INTRODUCTION
Ultra-wideband (UWB) is a high speed technology that has recently attracted considerable interest in research and standardization society, due to its capacity to provide high data rate at a low cost and low power consumption. It has been noted in many literatures that MB-OFDM is the promising candidate for physical layer of short range high data rate UWB Communications [1] [2] [3] .Multi band OFDM system allows the data signal to be processed over a much smaller bandwidth reducing overall design complexity as well as enhancing spectral flexibility and worldwide compliance compared to the single band approach [1] .
The Analysis and design of a UWB communication system require an accurate channel model and this system is better characterized by Saleh Valenzuela channel model in terms of cluster, ray arrival and decay factors [4] .Uncoded multiband OFDM system cannot gain from the multipath clustering property of UWB channels. Hence to exploit the performance gain from such multipath clustering property captured by S-V model jointly encoding the data across subcarriers is necessary which is demonstrated in this work.
Although the basic principles dealt with in this work are well known in literature, it gives good insight about the behavior of MB-OFDM UWB and leads us to improve the reliability and range of coverage by extending the work to the recently emerging techniques like linear precoding and multiple-input-multiple output (MIMO) OFDM system. By doing so, we can enhance its competitiveness to other leading technologies like IEEE 802.11n standard. Moreover, it is shown that the convolutionaly coded scheme can achieve better performance in a fading environment. The analysis is made based on the assumption the channel state information is known perfectly at the receiver and there is perfect synchronization between transmitter and receiver.
The paper is organized as follows: In section II, the system model and its description is presented. In section III, theoretical pairwise error probability, outage probability and budget link analysis are derived. In section IV, simulation and analytical results are provided and commented. At last conclusion is drawn in section V.
Note that: all the bold faced variables are vectors. 
II. SYSTEM MODEL AND DESCRIPTION

C. QPSK Mapper
The coded and interleaved bits are mapped to QPSK symbols with Gray labeling.
D. OFDM Modulator
In the transmitter, the data sequence is partitioned in to blocks as
and the block of data will be mapped to an Nx1 matrix. The QPSK symbols are spread in time by repeating the same information over two OFDM symbols in different sub bands in order to get an added spreading gain. Each OFDM symbol has 100 data sub-carriers, 12 pilot subcarriers, and 10 guard sub-carriers. Therefore, the number of total sub-carriers used is 122. Passing through the 128-point inverse fast Fourier transform (IFFT) operation, the time domain signals are generated. The duration for the OFDM symbol is T s =242.42ns(128 subcarriers).After that , a cyclic prefix(CP) which is used to eliminate the Inter symbol Interference(ISI) is preappended to the OFDM symbol and the guard interval(GI) which ensures a smooth transition between two adjacent OFDM symbols is appended. Duration for CP is T c =60.61ns (32 subcarriers) and duration for GI is T g =9.47ns (5 subcarriers)
E. Frequency Hopping and Filtering
The radio frequency (RF) of transmitted OFDM signals are up sampled and filtered with low pass filter then hopped among the three 528 MHz frequency bands with center frequencies at 3.432, 3.960 or 4.488 GHz. The channelization is based on a set of time frequency code. Fig. 2 shows a time-frequency representation with time frequency code {1 3 2 1 3 2}for the lowest three bands 
F. Channel Model
In order to capture the behavior of UWB channels in terms of cluster and ray arrival rate, cluster and ray decay factors, the Saleh and Valenzuela model is adopted as stated earlier in part I [4] .The impulse response of the multipath channel is described as: 
For each realization, the total energy described by ck α is normalized to unity 
The large scale fading coefficient X is modeled as a lognormal random variable
The list of parameters for the four different environmental scenarios is provided in [4] [5] .
G. Channel Estimation and Compensation
The received signal after removing the cyclic prefix can be computed as
where () xn is the transmitted data symbol in the nth subcarrier, () znis the additive noise component in the nth subcarrier, () Hn is the channel response in the nth subcarrier and can be computed as:
The block type channel estimation with LS estimator is implemented in our model.LS estimators have low complexity even though they suffer from high mean square error [6] III. PERFORMANCE EVALUATION
A. Average Pair wise Error Probabiltiy
Let the data matrix X at the transmitter side is a concatenation of
as:
m×n stands for an m × n all-zero matrix. The data matrices X p are designed independently for different p's. Let the variable η is defined as:
which is in quadratic form as in [7] 
Using the definition of quadratic forms in [7] , we can 
where the MM  correlation matrix which is given by
(
The diagonal elements of the autocorrelation matrix can be calculated as:
and the off-diagonal elements for
Letting ' n n m Combining (6) and (19),we can obtain. . (27) where  is a nonnegative real number that satisfies:
By definition, the moment generating function (MGF) is
Combining (29) and (15) 
Using (31) and (27) we can obtain expression:
As in [9] , we have the average PEP defined 2 ( 2)
Applying the Gaussian error function to (33) and combining it with (32) we can obtain the average PEP of the system as: 
(37)
B. Average Coded bit error probability and Link budget Analysis
The average coded bit error probability is defined as the bit error rate (BER) performance after the convolutional decoder. The convolutional encoder with CC (3,1,7) is used for the data rate of 160Mbps.Its free distance, 
C. Outage Probabiltiy
The outage probability is defined as the probability that the combined SNR, ν, value gets below a specified threshold, ν o : 
where  is SNR defined earlier in (36) and
The probability density function (PDF) of Using (47) and (50), we can obtain the outage probability relation for a multiband OFDM system for any UWB channel model parameters as:
where, and -0.0075 respectively and the outage probability can be expressed as
This is used to trace the theoretical outage probability IV. NUMERICAL AND SIMULATION RESULTS Fig.3a shows the bit error rate performance of 160Mbps is 1.5dB lower than that of 200Mbps for the same bit error rate of 10 -2 . This is because in MB-OFDM system with the lowest data rate has the lowest Bit Error rate, since it uses the lowest coding rate. Fig.3b shows the merit obtained from frequency hopping. Frequency hopping from one band to another using time frequency code offers a system gain of about 3.5dB at bit error rate of 10 -1 for the data rate of 160 Mbps. This gain is due to the frequency diversity achieved by use of a three times larger frequency band (diversity gain). From Fig.3c we can observe that the theoretical BER performance and simulated result for an uncoded system is the same for all UWB channles. However the simulation over the AWGN channel for an uncoded scenario shows better performance due to the absence of multipath fading. The performance over all channels for coded case is very satisfactory. As in [11] result for CM2 and CM3 above 8dB and CM4 and CM1 above 9dB with convolutional coding scheme shows acceptable performance. Fig. 4 shows the performance of the MB-OFDM UWB system in terms of signal to noise ratio, Bit error rate versus transmission distance when Average Tx power = -9dBm,f max =4.8GHz, f min =3.1GHz and R b =160Mbps. The bit error rate performance for the uncoded system which is shown in Fig.4b is not satisfactory even for shorter distances. But the performance is improved when coding is introduced in the system as seen in Fig.4c . For instance the performance at 11.8 meters which corresponds to a bit error rate of 10 -6 is satisfactory [11] . But for distance more than 11.8 meters,the performance deteriorates and this makes the MB-OFDM UWB system limited to short distances. Fig.5 we observe that for no coding (M=1) across subcarriers the theoretical performance of UWB system are similar for all UWB channel models and there is no performance gain from the multipath clustering property of UWB channels. Fig.5a shows that the performance of the MB-OFDM system with information jointly encoded across two subcarriers (M=2) is better than the system with no coding over subcarriers. The performance obtained under CM4 is superior to that of CM1 because CM4 has less correlation in the frequency response among different subcarriers. The theoretical outage probability performance shown in Fig.5b follows the same behavior as the average symbol error rate (PEP). In this paper,we have modeled, described the MB-OFDM UWB system and provided numerical derivations about its performance in accordance with the S-V channel model. Moreover the behavior of the system is examined in terms of transmission distance capability and its performance improvement when the data is jointly coded across subcarriers that are without using any channel coding schemes. The diversity gain of CM4 is better than CM1 when there is jointly encoding the information across subcarriers and this is due to the presence of less correlation in the frequency response among different subcarriers.
It should be noted that the diversity gain can be improved not only by increasing the number of jointly encoded subcarriers but also increasing the number of jointly encoded OFDM symbols, or the number of antennas. Nevertheless, increasing the number of jointly encoded subcarriers leads to the loss in coding gain as in [1] .We have observed that MB-OFDM UWB system gains much from channel coding schemes and jointly encoding the data over subcarriers. However its performance can be enhanced further using MIMO techniques,Linear precoding and Dynamic Resource allocation. Hence more research and improvements on the existing UWB systems are required to increase the system range, transmission rate and robustness. For instance combining MIMO with Linear precoding [12] can make the MB-OFDM system more robust and can provide up to a data rate of 1 Gb/s with a reasonable additional system complexity [13] .
